The adherence of Candida albicans is considered an important virulence factor since it determines the colonization of the yeast in various regions of the host, being the initial cause of the infection. In this work we studied the adherence of C. albicans (serotypes A and B) to HeLa and Vero cells after culture for 18 h and 30 h in chemically defined medium (YNB) plus carbohydrate sources such as glucose, sucrose, maltose, galactose and mannose (500 mM). Each assay was performed in triplicate. The best results were obtained with the medium containing glucose. The adherence was greatest in 18 h cultures at 37ºC and at 1 h contact time. The interaction of yeast cells with the host cells was studied by scanning microscopy.
INTRODUCTION
Adherence is the first stage in Candida albicans colonization, with subsequent dissemination of the yeast when a disequilibrium in host defense occurs. Adherence involves surface macromolecules that interact with macromolecules on the surface of, or adsorbed to, the substrate (32) . There is evidence that C. albicans may produce more than one adhering structure or that more than one of these structures, such as proteins, chitin and lipids, may be involved in this process. Most reports in the literature indicate a mannoprotein as the adhesin (9, 18, 30, 33) . The receptors of various tissues to which C. albicans binds have not been well characterized, although several investigators have suggested that they may be fibronectins, certain phospholipids, L-fucose, mannose, Nacetyl-D-glucosamine, mucins, laminins, and collagen (9, 12, 20, 40) . Because of the importance and the significance of adherence, several in vivo and in vitro models have been developed to quantitate and characterize C. albicans adherence to cellular and inanimate surfaces (4, 6, 7, 9, 10, 11, 13, 16, 17, 18, 19, 20, 22, 23, 24, 26, 34, 35) . These studies have shown that various factors interfere with yeast adherence to epithelial cells Departmento de Microbiologia, Instituto de Ciências Biomédicas -Universidade de São Paulo. Growth curves were constructed for the standard strains using the viability test based on the fluorescence method of Corrêa et al. (5) . Monolayers of HeLa and Vero cells were prepared and supplied by the Seção de Cultura Celular do Instituto Adolfo Lutz. A molar solution of sugars (glucose, sucrose, maltose, galactose and mannose) was sterilized by tindalization for a period of 3 days. An appropriate volume of stock solution was added aseptically to yeast nitrogen base (Difco) to obtain concentrations of 500 mM. Another glucose solution at concentration of 500 mM was aseptically added to 3% peptone (Difco). The fungi were inoculated also onto Sabouraud glucose broth (Difco) as the standard medium. The material for scanning electron microscopy was prepared according to the protocol of the Seção de Estomatologia, Faculdade de Odontologia, Universidade de São Paulo. Examination by transmission electron microscopy was carried out using the technique of Kennedy and Sandin (19) .
Adherence assay (36)
C. albicans strains were maintaned on Sabouraud-glucose agar (Difco) at room temperature and plated monthly. The yeast inoculum for adherence was prepared from the stock culture plated onto Sabouraud-glucose agar and incubated for 18 h at 37ºC. Four loopfuls of the culture were inoculated in yeast nitrogen base with the various sugars (glucose, maltose, sucrose, galactose and mannose), in Sabouraudglucose broth and in peptone water supplemented with 3% glucose, and incubated at 37ºC for 18 and 30 h. The culture was centrifuged at 1500 rpm for 10 min and the sediment washed once in PBS, pH 7.2. The concentration of cells in the final suspension was monitored by microscopy in a Newbauer chamber. A 2.5 ml aliquot of the final suspension was aseptically added to each cell culture containing a monolayer of cells grown in Eagle medium, previously washed in PBS, pH 7.2 and incubated at 37ºC for 30 min and for 1 h with constant shaking (160 rpm). Coverslips were carefully removed and washed in PBS, pH 7.2, with light manual shaking. The coverslips with the adhered cells were fixed in 5% formalin for 30 min and air dried. The cells were stained by the Gram method and mounted on slides with synthetic resin (Araldite 502). Each experiment was carried out in triplicate. For adhered cell counts, yeasts with smaller buds than the mother cell were considered to be one cell, i.e., one hypha, one cell. Areas with discontinuous monolayers were not considered for counts. Five fields for 100 cells per slide were counted.
Statistics
Comparison between arithmetic means was made by Student's t test (1) when the populations were heterocedastic.
RESULTS
Experimental growth of serotypes A and B C. albicans started at 15 h, with maximum growth being generally reached by about the third and fourth day, followed by a death phase. The stationary growth phase could not be well established in the strains studied. We performed an adherence assay an 18 h of culture considered with certainty to be the beginning of the log phase, with the middle log phase being reached after 30 h, followed by a decline phase at about 72 h.
The results concerning the formation of the cell wall and the number of layers in the yeast cells after culture on five different carbon sources in a chemically defined medium (YNB), Sabouraud-glucose and 3% peptone water were as follows: for serotype A, the YNB containing sucrose was the most effective for the development of the cell wall of C. albicans, followed by the media containing glucose, maltose, galactose, mannose, the medium glucose plus 3% peptone water, and Sabouraud-glucose. YNB with sucrose promoted the formation of 5 layers, followed by YNB with glucose (4 layers), maltose, galactose or mannose, the medium glucose plus 3% peptone water and Sabouraud-glucose (2 layers). For serotype B, YNB-mannose promoted the growth of the thickest layer, followed by YNB-sucrose, UNB-maltose, Sabouraudglucose, glucose in 3% peptone water, YNB-glucose, and YNBgalactose. YNB With glucose and mannose promoted the formation of 3 cell wall layers, whereas Sabouraud-glucose, YNB-maltose and YNB-galactose promoted the formation of 2 layers, and YNB-sucrose and glucose plus 3% peptone water promoted the growth of 1 layer.
The fibrillar-floccular layer (adhesins) was observed for both yeast strains studied in all culture media tested. Tables 1 show  the Comparison of the means by Student's t test showed significant differences between the parameters studied. HeLa and Vero cells can be used interchangeably in the adherence assay of C. albicans serotypes A and B when cultured on the five different carbon sources and in chemically defined medium. This was not the case for C. albicans serotypes A and B when they were cultured in Sabouraud-glucose or in 3% peptone water, with adherence being significantly higher in HeLa than in Vero cells.
It should be pointed out that Vero cells are more sensitive, i.e., they are more easily destroyed in the presence of the yeast than HeLa cells. Among the chemically defined media, glucose as a carbon source proved to be efficient for both C. albicans serotypes, followed by mannose and sucrose for serotype A and mannose for serotype B. Maltose as a carbon source for serotypes A and B, galactose for serotype A and sucrose for serotype B were inefficient in the adherence assay under the conditions employed. Among chemically undefined media, The use of these established cell types has many advantaged over non-established cells, such as mouth cells which are invariably contaminated with the commensal flora and are difficult to dislodge even after repeated washes. It has also been reported that these cells are commonly "washed" by solutions present in saliva and electrolytes that may be contaminated with serum and food remains, in addition to being highly variable in terms of age and viability (42) .
Eukaryotic cell lineages present more uniform characteristics and are more accessible to a wide gamut of experiments because of the absence of natural contamination of the monolayer (37). The Vero cell lineage, originating from monkey kidneys, roved to be more sensitive than the HeLa lineage, with areas of destructions probably due to the presence of a glycoprotein (Candida-toxin) previously observed in several strains of C. albicans (14) .
Important parameters for adherence assays are the cell type used, factors linked to the microorganisms and to the cells themselves, and environmental factors (11) . McMurrough and Rose (29) reported that glucan, mannan, protein and phosphorus levels are affected by different glucose concentrations. The limitation of phosphate alters the carbohydrate content of the cell wall due to the decrease in glucan and in total lipid content. Yeast cells growing in media supplemented with high concentrations of galactose, sucrose, glucose or maltose adhere better to surfaces than yeasts grown in media with low glucose concentrations (36) . In a study of C. albicans strains isolated from patients, McCourtier and Douglas (28) observed good adherence when the yeast cells were grown in medium containing 50 mM glucose, but adherence improved significantly when the cells were grown in media containing high galactose and sucrose concentrations (500 mM). Several studies have demonstrated that culture media rich in carbohydrates such as glucose, sucrose, maltose, galactose and xylitol increase the adherence of Candida to epithelial cells and to dental acrylic surfaces (11) . On the basis of the above studies, in the present experiment we used the five carbon sources most frequently cited in the literature (glucose, maltose, sucrose, galactose, and mannose) in a chemically defined medium and at the same concentration of 500 mM. The highest adherence was obtained in 500 mM glucose both for C. albicans serotype A and serotype B, followed by mannose and sucrose for serotype A and mannose for serotype B. These observations may be relevant if we consider that carbohydrate-rich diets may predispose individuals to oral infections with Candida (28).
The mechanisms by which carbohydrates can be to increase adherence may be related to the additional production of a fibrillar-floccular surface layer. The floccular layer is present as a "fuzz" around the cell wall measuring 100 to 400 µm and seems to be of an anamorphous nature (33, 41) . Occasionally this material may be distributed throughout the surface or may be localized (15, 27) . In contrast, the fibrillar layer can be seen on the cell surface and appear as a series of small structures arranged perpendicularly around the cell, and may also be equally distributed throughout the cell (2, 25) .
These structures have not yet been truly measured, but appear to be about 2-10 nm in diameter. Fibrils mediating the adherence of C. albicans to surfaces have also been observed (27, 31, 41) and seem to be analogous to the fimbriae of bacteria (8, 36) which play an important role in the establishment of adherence (38) . The precise chemical nature of these morphological structures is still unknown (11) but they represent distinct adhering entities with a high ability to adhere to epithelial cells. Kennedy and Sandin (16) obtained better yeast adherence in glucose + YNB medium than in medium with galactose + YNB. These investigators detected no significant differences in C. albicans adherence when the yeast was grown in YNB supplemented with 2.5% (w/v) glucose or with minimal medium (MM, 1.0 g/l ammonium sulfate and 1.0 g/l monopotassium sulfate, pH 6.0) supplemented with glucose. In the present study, no significant differences were observed when standard serotype A and B strains were grown in glucose + YNB and glucose plus 3% peptone water.
Yeast cell adherence is also influenced by the growth phase of culture. Several reports indicate that contradictory results are obtained in terms of adherence during the different growth phases of the microorganism. King et al. (21) showed that the growth phase has a marked effect on the ability of yeast cells to bind to epithelial cells. These investigators reported that yeasts in the stationary phase, considered by them to be more than 15-18 h, showed higher adherence than during the exponential phase. In contrast, Segal et al. (38) observed high adherence of yeast cells during the exponential growth, while Ghannoum and Radwan (11) found no significant differences between the two growth phases. We should emphasize here the very short time (18 h) considered by King et al. (21) to be the stationary phase for the strains studied. When the growth curve was calculated to establish the exponential and stationary phase for these strains, the latter was not well established, as also observed by Corrêa et al. (5) in a study for the standardization of the method. Two stages of the log phase were defined, i.e., 18 and 30 h, with the 18 h period providing higher adherence for both yeast serotypes.
Another interesting result was that in this phase the two standard strains presented the highest content of carbohydrates, proteins and lipids in their cell wall, as observed by Del Negro and Paula (personal communication). An extracellular metabolic product elaborated in the presence of sucrose may be responsible for the increased yeast adherence (36) . This conclusion was based on the fact that the increase in adherence disappeared when the yeast cells were killed before incubation in medium containing sucrose. In the present study, sucrose promoted the formation of 5 layers on the cell walls of serotype A, but not of serotype B. McCourtier and Douglas (28) showed that C. albicans, when cultured in the presence of galactose, suffered a transformation in the composition of the cell wall and developed an abundant fibrillar-floccular layer that turned the yeast more resistant to the formation of spheroplasts and also more adherent. These observation are also based on studies by Tronchin et al. (41) who investigated the influence of the environment on the ultrastructure and cytochemistry of C. albicans.
Yeast concentrations (CFU) of 10 2 to 10 9 microorganisms/ml have been tested in adherence assays (11) . In general, microorganism adherence is related to the proportional increase in microbial density (7, 27) . On the other hand, King et al. (21) observed that the saturation of blastospore receptor sites on epithelial surfaces was reached when the yeasts were present at concentrations of 5 x 10 Recently, Klotz and Penn (23) showed that the addition of a highly concentrated blastospore inoculum led to blastospore aggregation (self-adherence) and to a greater destruction of the intestinal cells used in the adherence study than to a normal random distribution of yeast cells. In the present study we used 1-2 x 10 5 yeast cells because this is an intermediate concentration range for adherence studies and because in previous assays we observed a lower percentage of the co-adherence phenomenon. Even so, we noted that strain ICB-12 (serotype A) still presented self-adherence more than did the ICB-156 strain (serotype B). In these experiments, counts of adhered yeast cells obviously did not include groups with co-adherence. It should be pointed out once again that comparison of the data obtained at various research laboratories is difficult because of the phenomenon of co-adherence between various strains of the yeasts studied, because of the different contact times used (10 min to 3 h), the different growth phases studied, and the different culture media and incubation temperatures. We should also point out the intrinsic characteristics of each C. albicans strain determining the two serotypes.
The times of contact of 30 min to 1 h used in the present study for the standard strains, serotypes A and B, did not cause significant differences. A contact time of 1 h was also used by Kennedy (20) in study for the standardization of adherence, with good results. In a study of adherence, (Fig 1) concluded that multiple factors can rule the adherence of C. albicans (43, 44, 45) . Obviously, after the establishment of these first essential parameters, more in-depth studies should be conducted on a larger number of strains belonging to the various bioserotypes in order to better elucidate this complex host-parasite relationship. 
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RESUMO

Modelo experimental de aderência de Candida albicans (sorotipos A e B) "in vitro"
A aderência é considerada como um importante fator de virulência de Candida albicans por determinar a colonização dessas leveduras em diversas regiões do hospedeiro. É a causa inicial da infecção. Neste trabalho estudamos a aderência de C. albicans (sorotipos A e B) em culturas de células Hela e Vero, com leveduras cultivadas por 18 e 30 horas em meio YNB adicionado de fontes de carboidrato como glicose, sacarose, maltose, galactose e manose (500 mM). Cada ensaio foi realizado em triplicata. Os melhores resultados foram obtidos no meio adicionado de glicose. A aderência foi maior em culturas de 18 horas, incubadas a 37ºC no tempo de contato com as células de 1 hora. O estudo da interação entre as leveduras e a cultura de células foi realizado utilizando-se a microscopia eletrônica de varredura.
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